the underlying etiology in 13.7%. Conclusion: Acute MRI is advantageous over CT to confirm the probable ischemic nature and to identify the etiology in TIA patients.
Introduction
The term transient ischemic attack (TIA) was first introduced in 1964 [1] to describe a transient focal neurological deficit with restitution within 24 h, a most likely cerebrovascular etiology and a presumed lack of permanent brain injury. The developments in brain imaging with the introduction of computed tomography (CT) and later magnetic resonance imaging (MRI) resulted in a changed point of view, a debate about this classical concept and a call for its replacement or redefinition [2] . In contrast to the assumption that neurological symptoms lasting less than 24 h are not associated with cerebral ischemia, several studies could demonstrate that up to 20% of TIA patients had a cerebral infarction on CT performed days to months after the episode [3, 4] . The rate of cerebral infarctions is even higher -up to 67% -in TIA patients who underwent MRI with diffusion-weighted imaging (DWI) [5, 6] . While CT may be useful in excluding other etiologies of short-lasting focal neurological symptoms such as brain tumors or intracranial hemorrhage, its low sensitivity in detecting acute and small cortical and subcortical infarctions is a concern [7] . Only recently, Totaro et al. [8] could demonstrate that DWI is able to detect acute ischemic lesions in up to 58% of ischemic stroke patients in whom CT did not yield a definitive diagnosis in the subacute phase. There is currently no data on direct comparative assessments of CT and MRI in TIA patients in the acute situation. The objective of this study was to compare CT and MRI findings of acute cerebral infarction in patients with TIA.
Patients and Methods
For this retrospective observational study, we identified 215 consecutive patients with TIA from our Stroke Unit registry. Patients were eligible for the present study if (1) they had clinically suspected TIA with complete resolution of symptoms within 24 h after onset and before admission to our Stroke Center and (2) underwent either MRI or CT at admission and a second MRI within 24 h of the initial imaging. The decision whether a CT or MRI was performed as first-line imaging procedure was mainly based on the discretion of the treating physician and the availability of an MRI. All clinical and imaging data were recorded and documented in the framework of a standardized acute stroke care protocol: detailed physical and neurological examinations (4 times a day), assessment of cerebrovascular risk factors, CT and MRI, Doppler and duplex sonography of the extracranial vessels, transcranial Doppler sonography, transthoracic or transesophageal echocardiography, 24-hour Holter electrocardiogram and blood pressure monitoring, pulse oximetry and laboratory tests.
CT was performed with a Siemens Volume Zoom CT scanner (Siemens Medical Systems, Erlangen, Germany) with a slice thickness set to 4 and 5 mm for the posterior fossa and supratentorial scans, respectively (120 kV, 350 or 400 mAs). MRI was performed on a 1.5-T MR system (Magnetom Sonata; Siemens Medical Systems). A standardized protocol was used in all patients: (1) transverse, coronal and sagittal localizing sequences followed by transverse oblique contiguous images aligned with the inferior borders of the corpus callosum (applied on sequences 2-6); (2) T 2 -weighted images; (3) T 1 -weighted images; (4) diffusion-weighted images; (5) T 2 -weighted fluid-attenuated inversion recovery images; (6) T 2 * -weighted images; (7) 3-dimensional time-of-flight MR angiography sequences of the circle of Willis and the neck arteries in coronal direction.
Lesions on MRI were further analyzed: localization of acute ischemic lesions on DWI was classified in anterior, middle and posterior cerebral artery territory, border zone, brainstem and cerebellum. Acute ischemic lesion size was measured on DWI by manually delineated regions of interest (ROI), summation of these areas in square centimeters on each section, and multiplication by the interslice spacing to determine the volume in cubic Solitary ischemic lesion in the territory of a deep penetrating artery centimeters using a commercially available workstation (nordicICE, NordicNeuroLab, Bergen, Norway). Both CT and MRI were assessed by an attending neuroradiologist/neurologist for clinical purposes and by a study physician (A.F.) who was provided with the clinical information. Based on the lesion distribution and localization on DWI, 5 patterns of ischemic lesions were defined (summarized in table 1 ). Pattern 1 is defined as a solitary ischemic lesion involving the cerebral cortex and/or subcortical structures. Pattern 2 represents multiple ischemic lesions either in cortical or subcortical regions in one vascular territory. Pattern 3 encompasses several disseminated small lesions sprinkled in different vascular territories either in both hemispheres or in the anterior and posterior circulation, involving mainly but not exclusively cortical regions. This ischemic lesion pattern is considered to be typical for stroke due to a proximal embolic source (the heart or proximal vessels). Pattern 4 denotes multiple ischemic lesions either completely or predominantly located in regions considered to be one of the hemodynamic risk zones between major cerebrovascular territories: the superficial or cortical border zones wedged between the anterior and middle cerebral artery or between the middle and posterior cerebral artery, and the deep or subcortical border zone located in the vascular territory between deep and superficial arterial systems. This ischemic lesion pattern is assumed to be characteristic for ischemic stroke due to large artery disease. Pattern 5 is defined as infarction in the territory of a deep perforating artery originating from the middle cerebral artery, posterior cerebral artery or basilar artery.
Probable TIA/stroke etiology was classified according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification [9] as large vessel disease, small vessel occlusion, cardioembolism, other rare causes, and undetermined causes as implemented earlier [10] .
Statistical analysis was carried out using SPSS 19.0. Descriptive data was analyzed using either t tests, the rank-sum test or 2 -based tests as appropriate.
Results
Between July 2007 and September 2008, 215 consecutive patients (mean age: 67.1 years, range: 31-92) were included in the study. Of these, 116 (54.0%) were men, and 99 (46.0%) were women. Table 2 shows the baseline characteristics. Based on the clinical presentation, TIA was classified as localized in the anterior circulation in 111 (51.6%) patients, in the posterior circulation in only 38 patients (17.7%); localization was classified as uncertain in 66 patients (30.7%). Exact onset of symptoms could be identified in only 145 (67.4%), while the exact duration of symptoms (mean duration: 40.4 min) could be estimated in 112 (52.1%) patients. In the remaining 103 patients, the duration of symptoms could be narrowed down to minutes in 52 (50.5%) or hours in 51 (49.5%) patients. In all patients, clinical symptoms resolved completely before admission. (see table 2 ), clinical presentation, and etiology between patients with and without CT except for a higher age in the CT group. A difference in image interpretation between the attending neuroradiologist/neurologist and the study physician was identified in only one case (a CT scan was read as normal by the study physician, while a lesion was seen by the attending neuroradiologist). Assessment of CT images revealed no acute pathology in 154 (95.7%) and possible acute infarction in 7 (4.3%) patients; of these suspected lesions, 6 were located in the anterior circulation and 1 in the posterior circulation. DWI confirmed the acute infarct on CT in only 2 of the 7 patients (28.6%); 1 in the anterior circulation and 1 in the posterior circulation, respectively (see fig. 1 ). DWI detected an acute infarct in 50 patients with an initially normal CT (32.5%). Among the 54 TIA patients who did not have baseline CT examination, DWI showed acute ischemic lesions in 19 (35.2%). In none of the remaining patients did follow-up MRI detect new ischemic lesions. DWI demonstrated a median number of acute ischemic lesions of 1 (range: 1-14). Most patients had lesions in the superficial (71.2%) and deep (47.9%) middle cerebral artery territory followed by the posterior cerebral artery territory (6.8%) and the cerebellum (5.5%). The most frequent ischemic lesion patterns were pattern 1 (45.2%) and pattern 2 (37.0%), followed by pattern 3 (6.8%), 4 (4.1%), and 5 (6.8%). The latter 3 provided clues for the underlying etiology in 13.7% of cases: pattern 3 and diagnosis of cardioembolism (n = 3), pattern 4 and diagnosis of large vessel disease (n = 3), and pattern 5 and final diagnosis of small vessel occlusion (n = 4). The ischemic lesions had a median volume of 0.87 cm 3 (range: 0.08-15.61). Patients with suspected TIA in the anterior circulation (59.5%) had significantly higher rates of acute ischemic lesions on DWI compared to those with suspected TIA in the posterior circulation (13.2%) and with uncertain localization (3.0%; p ! 0.001). With regard to gender, duration and number of the attacks, common risk factors, and treatment with platelet inhibitors or anticoagulants, there were no differences between patients with suspected TIA in the anterior and posterior circulation. MR angiography detected a stenosis or occlusion of the extracranial or intracranial vessels in 12 (5.6%) patients. In detail, there was a stenosis or occlusion of the proximal or distal internal carotid artery in 10 (4.7%) patients and of the middle cerebral artery in 2 (0.9%) patients (see fig. 2 ). Etiologic stroke subtypes remained undetermined in 60.9% of all TIA patients. In contrast to this, there was a significantly lower rate of undetermined causes in patients with acute DWI lesion (45.2 vs. 69.0%, OR 0.37, 95% CI 0.21-0.66; p = 0.001), and cardiogenic causes of embolism were identified more often in patients with positive DWI (35.6 vs. 14.8%, OR 3.19, 95% CI 1.64-6.29; p ! 0.001).
Discussion
In this single-center study, we demonstrate that CT, as the initial line of imaging, rarely provides positive findings with regard to the suspected ischemic lesion, as the clinically relevant acute infarct was captured by CT in just 4.3% of patients. Previous publications have reported detection rates of subacute ischemic lesions on CT in up to 20% of patients after several days to months [3, 4] underlining its low sensitivity in the acute work-up of TIA patients. In contrast to CT, DWI showed an acute infarct in approximately one third of the patients. The overall agreement rate between DWI and CT was 68.7%, meaning that, approximately in one third of TIA patients, CT either misses or misidentifies the ischemic lesion on DWI. These finding have major implications with regards to the clinical applicability of the recently proposed tissue-based definition of TIA. Although the new AHA definition explicitly recognizes MRI as the first choice of imaging in TIA, it still reserves room for CT as an alternative option [11] . Here, we quantify the difference between these two options: 31.3% of patients are misclassified by the tissue-based definition if CT is used instead of DWI. The remarkable difference between CT and MRI may justify a more sound recommendation in favor of MRI for a consistent classification by the tissue-based definition. The major advantage of MRI over CT is its ability to demonstrate very small acute ischemic lesions on DWI [12] , which has a very short acquisition time of about 60 s. As demonstrated in this work, DWI not only confirms the clinical diagnosis, but also facilitates the recognition of certain patterns of ischemia, thereby providing clues to the underlying etiology. Finally, the presence of acute lesions can also improve the prediction of stroke risk after TIA [13] .
The present study has some limitations. First, CT and MRI were not obtained right after one another and some of the lesions missed by CT might have occurred in the interim. Second, some DWI lesions might have been missed due to early reversal in the interim. However, both scenarios are unlikely to have significantly affected the results as the rate of proven ischemic lesions on DWI was similar in patients who underwent MRI only to those who had CT first and then MRI.
Thus, the use of MRI for the management of TIA is advantageous for diagnosis because of its ability to detect hyperacute and minute ischemic lesions as well as ischemic lesions in the posterior fossa. Therefore, it seems important to perform a thorough MRI examination in all patients with clinically suspected TIA. MRI, on the other hand, is expensive, not widely available, and limited by contraindications. Nevertheless, our findings suggest that, as proposed by the most recent TIA guidelines, MRI should be the preferred line of imaging in all patients with suspected TIA whenever it is available and feasible.
